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= A... DEPTH 

= B... NITROGEN CONCENTRATION 

(57yAbstcactuJ\ semiconductor device having a gate insulting film and a gate electrode formed in this order on a silicon substrate, 
^3 wherein the gate insulating film includes a nitrogen-containing high dielectric constant insulating film with a structure in which 

nitrogen is introduced into a metal oxide or a metal silicate, the nitrogen concentration in the nitrogen-containing high dielectric 
2 constant insulating film has a distribution in the direction of the film thickness, and the position where the nitrogen concentration is 
^ maximum in the direction of the film thickness is present in a region away from the silicon substrate. A method for manufacturing 

a semiconductor device comprising a step of introducing nitrogen into a high dielectric constant insulating film of a metal oxide or 
O a metal silicate by exposure to a nitrogen-containing plasma is also disclosed. As a result, the thermal stability of the high dielectric 
® constant gate insulating film is improved, and the dopant penetration is suppressed, thereby preventing the electric characteristics of 

the interface with the silicon substrate from degrading. 
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V&> 1 ) s ^ICMOS FET (Metal Oxide Semiconducto 
r Field Effect Transistor) &m&t%f— ^^BB 



^ a >mtmit zfn -b ^oizmfc^mtitMmft®. u mosfet© 

fciMtt^fcy. mo s f e T^m^mttmnmm^itiznif^^mmtu^ 

m) fr*o> ^omw^m^vh^o ii^MosFETT-m^ti-ci^&y— 
hmfiii*. b&mm±izmm Ltz# g > g => >%wi&miz k- t?><7 lt&ji 

^-^>btmmmmt:^mfxiy*jzi^m^mizmwLi-^0.^mmt 
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&%Mwin&it\z\tmfti)<$>z>ztiziK\7Lx. mmizmmLtz&ffixm^mtptom 
^m^fg^ic#a \*^>is7.$-<D&w>mu*it\zmmfeo>'£ittfmmt Lx^m 

tj£ox, is*jziisnitm\zttt>z&i»rt<D7-hmmm<Dttnt lt. *>u=a> 

2 0 3, Z r O 2 *>H f O 2 . fcefctfY 2 0 , fc£ (D#±H7U^^b^. JfcLa 2 0 3 

c&fc^a^vsy << £%k%i±mjtmo>M<m. zzizizztit><D*s*)'r-\*mmt)< 
z<omummmmm^mi^f¥-hm^wm\zLxt^- f jy<fwHzw\-otz 

mux&% 0 

LT. hMA^j»JtLT»&H*ttllIia>«»*5/Ua>ift<blll*J|[|ltflEi: 
■¥#o ^ffc:b*>s !6l»tt^i/'J=J>IWblBl<DttR«*$**l-P*LC h. eotU 
iifc^i|ga>JI££d h£ LfcB#. '>>Ja>H<blff&*ll)tJ!£cl ehfcd e = d h (eo/ 
eh) £ olc^r^^^m^e h^to/i^^ffll^[*$fe^liiAW 

< T t»L^> 'J =i >BMbM t BWlcft y?*Zi^LTl>§, *> 'J a >»fbl«<D 

ttg§m^eo(*3. 9H&te<DxM7Li£e h = 3 9 ^mmnwm^m^it 1 5n 

mtDJl^lcLrt 1 . 5 nm©i/ya>tt^bK«JHBI*lcJB:-y, h>=IWU®3!E£» 
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hit <d mmtnm £ i> <s> . 

<©*iMbisiR**#-r<&3Mft£ lti*. »£j6ita>*is*R«**m*»R***» 

5nm~1 nmg£) <D *>'J a >iftftK«ffA Lfc«ta^*W**fC I**. *bl: 

ifi*£T*i*±&0#ii®li All £ lt *>y a >M<bBUf>$/ u =i >tt<b«A<J»*fl«n?fc 

*z:a>IHIBjSfc LTW\ i/'J a>IMb«tW»l=MI«*y- HMMW=I8LT 
=t K— /<> ha)^^ttii-)-(c<fc^7 f /Ux!r#l4<D^b^ne>^r^'6o ca>iBi»i*lfe 
*ttttH<D«HT?£»l*fc*4»a>flX 3*R«*y- hlftfcRTfttS'y =i>iMbttfc 

ctf K-/t> m£«*W«ijT?#«ci:3b<*#*tiTt^. 

SHcDHflWifcLTte* 3S5R«*»Rti/'Ja>»«fc«>»iB««1*1tfl)*4b^ 
»tt**rCl**, ffc*©$>U =i >IMbR»iiil=tt^THR«.*»l«JWB-e(*JWB* 
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±te<Dmitm&nmmtfmi)n?z>o zti\z^Lx^mmitmm^mi^^\zit^m 

z> >/v'j □ i/BHbUWBBlzJt'*, &M£*><Sffi1££<b$3l ^-^--To 

S^{li**ltl^ CMlJl, Tech. Dig. I EDM 200 1. p 45 
9.) 0 a iJ>^aic*-3TZ r Nflg£J#fgU 

Z^l|Z5 0 0°C-CH^b«aa*J6t - wfcT?Z r O 2 ^0)H*ISSJ!n*ffL\ ®.&<DZ r 
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mm&omitmmiz&z>'?--hmm&m&<»m&-x&) ^t7P-HT?*y, m 

WiftflDBtflsflmick-sy- hmmmffi&<DM&?5}£) $*t7o-H-c*s. 
jut. B+rmvci^ft^si&Bji-rs. 

£s i 0 31*. S^tARl«lK<IK$« 0 41*. y*-hm®£. » 

^2 0 11*. *>»Ja >g}g£s 2 0 214s *9K««l«iE«. »*2 0 3tt, *s 

Ua>IMbBt*. #£2 o 414s &JUl£s »*2 0 5lt, l»t*l«. 8F£2 
oeii, KXdWMMt**|«€« »ff30il*, $/'ja>*«£, ^3 0 2 
I*. S/'Ja>IMbK*. ^303li, ftftMftftWIMUKe* »*3 0 4lt, 

0 1 lis ->'Ja>ifiS, ^6 0 2lt 2K*&ftMB£« 
»*6 0 3lt *>«Ja>IHbfll£. #£6 0 4l4s $JlZ r«£SJf £s ^6 0 5 
I*. Z r NJtMS. ft£6 0 6 I*. UM«tlH«lfi«Kt O 1 lis 

^•J ^7 0 211 ***ftftSB£. #£7 0 314s i/'Ja>BMbK 
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^7 0 4ij, h f s i mmm$s ^7 o si*. 

^7 0 61*. SM#ffiRW£fiK (IlftH f *>'J>r- hJf ) ^^-To 

«rlB*l»**R«WRtt+«>M»»**«il«*fi|-C«*t&*tt«*^ 

iwtEfi*#**Rm**6*»*©ft*a** < R«*ipi"c**i: a* 

OTjy- h«m^. *RS/'J*— hlcg^A<3g[A**if=«iSa>S^#^SRmm 
IMtRSWU 

RR«#*»R«*lft»R*fl!>M*BIW*RS/y^— h«^'Ja>«Tfc«R 
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fcztitz v y =1 ^mtmt s >&itm±\z& Lxr*mz*itzmt&mm&m 

mmmmo v y => >s««y^® t y- ht»#i t omo^u^iz^x > y 
*mwm*mmt^x. i/g^>s«s±ic. y- hmi^illIi£y-hffi^^i<i:£ 
% 2 <d v «j =i >&<bjna><?*#, v y 3 ^M<tmzm.mtfm*.2titzm&&m? a - 

±E*MM*£«Kfcl^Ts frE5/'Ja>**Ei:lltrEy-Hfe«ttA<ftL. K^- 
Hft*Ki:y~h«afcA<«L, fro, Wif- tfy *>'J u >fc L < 

±E¥#^®ICfcl>r. WE*- hte«BM><. Z r. H K T a. A L Ti, 
Nbs Sc. Y. La, Ce> Pr. Nd, Sm, Ecu G cU Tb, Dy, Ho. 
Er, Tm. Y b fc L u fr&fc«&#Jb*&ai#K*ifr# < £ t.-«tt: 

*fc*i6wcj:y. *>y=i>s«±iz % ?—hmmt?-hwmt&z\o>m\z 
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t T?->y 3 >*ttia«J2i^a>«**a«wi-a<b^*xe, *fci*^y 3 

#*£l^a&fr&* *f£L<l*8KU:. «J:y»3:L<(*1 OWit'fcS, fcfft 

h)[C7fL7=o tt&RBibfe t, u < i*& n y k & e> * -5 mmnmmma 

isioi tomizmmo&wmtmm ($/ya>»<b«i 02) ^altm 
urt, mm^mmmmmmm^ ost^v^^mtmi oztfrbtzzf—hm 

&-rmim\z7jkLtc¥- hmmmm&tf&tzt>?$i%:iz^xuT\ztz&-rz> 0 
&mmtya*, l < it^m^ y *r— h*\zm.m*mv? <§> - 1 vmmmmmm<Dm^ 
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m&kmks sis at l , &n & *>mi£g <b * c t # * • 
wjlt, mmtf*s i )zi>&mz$m+z>zb&Vj<:z.btfv£. mmm (fc*t> 

o*y; ^'Ja>»«M3bN6«ttLf=fl|J« izSBII^n? r-OU£»tt 

11202) lca»©i/«j3>»4bil2-0 3*»rtLfclft (M (b)K Zfl)^k 
L-«Jf}$i££ft$!lLf=& (PHI (d)), MMJM>^MMM$ttrc&'e*H 
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<b<7> |U)H & % <D T* fc £ o 

zzttfvzz* g3i (a) itmmn&ifemma o 3*<D-®x*mz&3-izmm 

tfftlfi LfciS^T- ffiR««feitflK£ v 'J u >S« 3 O 1 £ <D^®lcff A L 
fc^'J=>>^bH3 O 2i:JHBmm$fe^«!:<D^®-etL^lcM^JtA<teTLs #?• 
SlcJiALfci/'j3>^bJii3 O 2 4^l*^A<#£LTl^fc^*§£-T?fc&o S5 3 
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fcufci^o ztzM3m (c) vits mmmmm®m*o)mwM {f-t-mmw) \z 
&mtfm& Ltzzrn-yrj jisMVtx-it&ztf. mmmmit&mmtp xommmw* if 
am&x. mmmmmmmt *>y u ^mitmnmizmTogmtfmmLtzm&xto 

(c(i, mm^m3El (a), (b) lZ7jk-fffi&iZ&*>ZA, s &30 (c) iz^Ltz 

m&xtmiitz^mtomw.zmzzttfxzzo caxsu *>y=i>««i^®-e<Di<F 

<&il£^t>. K*a*«JtO)*^:*l4 2 0fflI^%5|S»-efe*Ci:36«a*Lt^ fete 

ia«y-^«aEO!>jii*<nt**i»ctijfli^&y- n6*aa>«aK«i* 1 . 5 n 
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&tcmmzmA?z>Mmnm&mmttnt lti*. zro, h f o 2 . t a 2 o 

s% A I 2 O 3% T i O 2 » N b 2 0 s ^#±3l7C^CD&<b^-efc&S c 2 0 3 , Y 2 0 3 , 
J << F&TzmomtVBVtoZ L a 2 O 3, Ce02, P r 2 O 3, Nd2 
O 3, Sm20 3, Eu 2 0 3, G d 2 O 3, T b 2 O 3, D y 2 O 3. Ho 2 0 3, 
Er 2 0 3, Tm 2 0 3% Yb z O„ Lu 2 0 3 , £ Z>iZitZ*lZ>0)&&,mtWl\Zis 

4,fil^vUi3>^bliI^|gJiL^Iitlcfc^r. SIMM (^-h©1M) 0)*>M 
m 1 (0 v 'J =1 >^bMi: , &JS&<b$&Jt L < li^Iv 'J >r- hfrbtj:Z>miz\tg.m 
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&w&mLtzmmmmvi*u<Tt. #11200 1 -2 5 2 2 5 8#icfiiig 
y-h$6^M(&±Jift£tficTif&#T^^ a 

Micsai WJK»j*-t * c: «t j^^ttt ft y . #®®*M#i4£3&#-f z> z. t *><t* * 
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bmmmvmmmmizM it *> y □ >8<bRR*Rj*£* < t s«t£*f * 1 

5 nmJ2TFtf»*Ll\, 

»RR*R0±B*fcl*TRlcJ*ALfci>y =3>BMbR£«fiM-*$/y 
tR«IS^i:<D»«Rfl)»*»3« (&m-mm. $/y3>-R*fc*lM*R*-R 
R£&) ^^bti4, cHf><D$g^(D*T% ftRR^fcSHRR*fca>f**frS>1t 

■T*CtA<»*Ll^ tctzLA I IcIULrf*. g1b7;U£-^AI* (A I N) l*$fe 
Rttic«*i$*m7?fcy, A I , O ,#»(DRjb«i31<D»*rcl4C0j|!l(*#«L<i: 
<T£l\, i/'Ja>W^*iB«a«IlzR<bLfc«Jftlcfc^ri*, &JS-£3i<B$S£«fc 

i/'j3>3i«±^WR«*|6«R*^f£^-H6«R (Mffi^iSA) *»fiRU 
ccicRR**^XT*R*fr***l=fct^ri*. 0fl*f*, #RR<b«BA^6flR* 
ffiRR* *R <h v y =i >8fc*bR <t <Z)Rlf «ii fc « IM**R y h 110 ^7 X 
TR<b«L31€fTa»^l=fcl^T(*, ^XTRW*#a>HRl=*o-CR* (ItlcR 

JUT, **^lcat^^fc»Rm*y- KteRR««*Lfc¥#fmttfc*tf* 
CRR0Q 1 3 

*«W0>» 1 ©RffifflTJttJa^RJtRas (Atomic Layer Chem 
ical Vapor Deposition: ALD) T?JifcRL.f::A I 2 O ,R 
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m-Tt&Mitm (&mmitm) tLxmmo. 6nm©^'j3>i^Mif:. 

*^X/\±lCA I (CH 3 ) sfc^tKH 2 OH*473X<7)XS^Iii&lC t fe^A LD^cfco 
tif4nmfl)A I 2 0 3 m$1£ffiLtz'&* *S®I~^§7 Z>*})l>%&MLtzo =7 
isfiJl,m%lf??X-?Mt LTECR (Electron Cyclotron 
Resonance) ^ i?*;U3B*»tt LfcK^gMI^ oTHJfc Lfco ^v*UU 
3Sl*^X/\fi±2 0 cml-iiaL, »*5^*;i/WI»fti«H*»«fflfl[3 0 0-7 0 
0°C. JEJjO. 3~0. 9Pa, |A1 5 OWi: LT 3 O^CD^bfttS^ffo/to 

oSJfcffXffijWSl* (7 0 0°C, 0. 3 Pa) &*jMR£(*I::#*|i LTJME 

(3 0 0°c, o. 9 Pa) icli, K+^MM^MiP* U A^oaiBflllca 

Jt5Lfr7t?'Ji/«J=i>$V*- hmfili: LTMO S F E T £ ft 38 L tt**#A 

^«i^iLtco *e»ich7>5?^^-<D»tt«fFfflii*ffofctt*, ra-ea>ftMft 

tfjSl^- hffe^M^^Lf- h7>vX^~ (Bftftf*: 7 0 0U 0. 3Pa) 
fcJt^TA I 2 C- ,«*IB«ilca*t»«E*-ttfcy-hl6«lll«l3S**Lfch9> 
— (gft£#: 3 0 0°C S 0. 9 Pa) -C*l**£i&j£j!><&l 2 0 %if* LtL^fc. 
CH»J2] 

m2 0)||»jT?l*/\7-'7Ai/ | J^- h (HfSiO) IC^i^^X^ £fi&t* L 
Tgft«l3I£fTofco 
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mt. S«iaJt3 0 0°C. gfH#EE6. 7 Pa, JSAti^J 6 OWT? 1 #FiH<k Lfco 
H f »>y>r— hl^^e>#7iXf|3tm^-^^^ h;i/ (S i 2 p^TU^X^^ h 

;u> $»5Hic«r. *a»«iea-ei*s/y^— ncjBHf *i 02. sevotr- 
- Nm-stfMf&ztitz z (t ^fjki- g h f 4 f x^o \*Mzmt\ttji<s mit 
itwrnztixiwiztzimLtco ztit><ommt. ±m<Dm<tmmiz&^X'\ 

ajRW*ftflsxa^Hf-Nis^»ja*«i«Lfcfcfti=*M ckjmia* 

— * nfttamtt < v y h in* £3- *r $ & c £ tfx $ % tztzmmsm 
iccfc y jtstm^AU^-rs (^>y^r- hMa)¥^j<7>]tgim^i*i 0^*1 2ic± 
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*&w<on 3 o>mmmvit> y => >&fa&mzmmo> ; > y 3 >&<bie£i*A l 
m\z&vM$stLs isvn^mw&fcmm^izxmti&Ltz (mm (a))„ **7x/\£ 

5Torr (670Pa) <D 7 O O^lCT^btoS^-T- t V. 

mW-O. 6 nm(Dv'J=I>^bM6 0 3^^fiJcLfc (PEI (b)) 0 *i£<bMa®^ 

U ^/^'^**Xi:Ut7;i/i>*'X, #XlEli5 x 1 O" 4 T o r r (O. 0 6 7 
Pa) <tU UJa^m* 1 O OWiLTio ±&0>i> l J=3>&<bJ!g6 O 3Jtl=* ^« 
i&m&M&t Ltif 2 nm0tIZ r Jl 6 O 4 Lfc& CfslEl (c)h * — 

^9 h££i&L"C&}fiSJ££M;Ja£: LTfUJS 1 - OnmCDZ r N Jl 6 O 5 L 
tZ r N/Z r/S i O 2 «JMMft$»Bfc Lf= (^0 (d))„ *im©IHbfllSI* 
ITorr (1 3 0Pa) <Z>*ffi»3R»ffl«+ 5 0 O^fTofc, MIJ:ot 
ftM (ftHftlbM) ttZrO , (Z r ON) JflZg|ft**U 
Simm$fe^m (Z r ONUg!m^l!I) 8 0 6^1l?>*lf:. R»*R|©*«»**2 

i O a «a«A<fili#**iTL^Zi:*«BLfc. 

B6 0 6**-r*y- Hfe*Bl±lC7K , J5/ , Ja>«a*»JaL*CMOS FET^ 
MLfco Z(DMOSFETf/W7l:oW- h&MtMtft fetfU:**— ^0E 
ISttfcffMffl-****:. i/ «J a >iMbBt*JWi»l* 1 • 4nmT?&y, ^-h#fe*iM£ 
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5 0°CJJJl±|S]±Lfco £ K-/"?> hS14<bXfir*fe* 1 0 5 0°C<Z>Ml 

S&4<7)||»jTM*|li£0y3<h^^^ r02I$ 
3 (7K<^>'Ja>y-hm«l) lcttKTy-h®&££<btf>f2#£teMU 

h^Sim^jtH^ic^gu^^bl^^^Lr^^D^tTort (170), 
HJi^iJSir^lcv'Jziv^x/x? 0 1 £&#fc*i;ic<b!*^bMiil8t& 
(a)). J1J?0. 6 nm<7V>M 3>^bl7 0 3£ff2j&Lfc (P® (b))» *S® 

SSHfSil7 0 4$MLt: (PJ® (c)) 0 $ ^i^frliUM 2 t m 

tfitLtzo *^X/\*iBI-S i H 4 *NH 3 &mnH*£ LT 0. 5nm 

J?<0 V U =1 >M-(bflI 7 05$CVD (Chemical Vapor Depos 
i t i on) fiJclgiLfc (HB9 (d))o *K»©IHb«aa$ 1 To r r (1 3 OP 

h (H f S i O) M7 0 6£ff£fifcU fi*^**»«*(ft*Dl4: Lfe. 



m (•> y ©jWiKJ6-eiSi^lli/^iu-ca>54-»^tt*i:*^ 

£*»j£tf— IW1 0%t?fey> il^bO. 5 nm(Dl4gl^a^fi$ 
r*y--hi&ltBI*»JfcU -€-CD±lcy-hm®^^J«L-C^L7cMOS FET 
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6. i/'ja>»«±ic s y-i»tt«j«i:y-h*«i:*ca>0ic*r-r*^an*aE 

7. iirE&JSV U >r- h^OJi/'Ja^Jl^Ftii^Wlc^LfcS^Jl^s *>'J 

s. «nEy-nMia^ sfria*>'ja>««±(cmuT^fiK$tit=*>'ja>^b 

21 



WO 2004/004014 




PCT/JP2003/007761 



U 

ttfctfttU fro. 

1 2. IfflEV- H6Mto<, Zr» H f , Ta» A I , T I , Nb, Sc, Y „ 
La, Ce, Pr, Nd, Sim Eu, Gd, Tb, Dy, Ho, Er, Tm, Y 

22 



PCT/JP2003/007761 

mm^m^mzn^x. 

R¥SH*tt«rt<ffll* * 6 £ IS 7 8Btt<0^«(4:SS-e fe o T . 

ftH v 'J h ^ S> **««*««^<BS«t# * ^ X-7 m*t I- * o T , tlv 

1 7 . ftrfB^t^Jf U =i ^SflslK* L < 'J =J >M<bJHT?fc6fil#II 

23 



WO 2004/004014 




WO 2004/004014 



PCT/JP2003/007761 



20. vu=>>&tfuti^ y- \*mmmt?- hMt&zomizmrz 



24 




1/7 



WO 2004/004014 



PCT/JP2003/007761 



Fig. 2 

202 




2/7 



WO 2004/004014 




PCT/JP2003/007761 





3/7 




&ffifrt><D%££ (nm) 



4/7 



WO 2004/004014 — — PCT/JP2003/007761 



Fig. 5 



2000 



•v. 
W 

o 



$1000 



500 





f 




• 






ftlMltlltl SSXk AllTfflife 






- 


^5 1 

f 










1 / K\ 1 




1 









05 104 103 102 101 100 99 98 97 

3fc$#X*Jl/#- [eV] 



5/7 



WO 2004/004014 



PCT/JP2003/007761 




6/7 



WO 2004/004014 



PCT/JP2003/007761 



Fig. 7 



(a) 



702. 



701 



a i i y v 5ut 



(b) 



703 



701 



704 
(c) 703- 

701 




(d) 



705 
704 

703 
701 





706 



(e) 




7/7 



INTERNATI^ML SEARCH REPORT 



ional application No. 
PCT/JP03/07761 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 7 H01L29/78, H01L21/336 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

Int. CI 7 H01L29/78, H01L21/336, H01L21/316 f H01L21/318 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1922-1996 Toroku Jitsuyo Shinan Koho 1994-2003 

Kokai Jitsuyo Shinan Koho 1971-2003 Jitsuyo Shinan Toroku Koho 1996-2003 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
ISI Web of Science, IEEE Xplore 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X ' 


H.-J. Cho et al., Novel Nitrogen Profile 
Engineering for Improved TaN/Hf0 2 /Si MOSFET 
Performance, International Electron Devices 
Meeting./ Technical Digest 2001, 
pages 655 to 658 


1-3,5,11,12, 
20 

4,8,9,11-13 
16-19 


Y 
A 


pages 655 to 658 
pages 655 to 658 


X 

Y 
A 


Hag-Ju Cho et al . , Structural and Electrical 
Properties of Hf0 2 With Top Nitrogen Incorporated 
Layer, IEEE ELECTRON DEVICE LETTERS, Vol.23, No. 5, 
May 2002, 
pages 249 to 251 

pages 249 to 251 
pages 249 to 251 


1-3,5,11,12, 
20 

4,8,9,11-13 
16-19 



|~x] Further documents are listed in the continuation of Box C. |™ j See patent family annex. 



♦ Special categories of cited documents: T* later document published after the international filing date or 
"A'* document defining the general state of the art which is not priority date and not in conflict with the application but cited to 

considered to be of particular relevance understand the principle or theory underlying the invention 
"E" earlier document but published on or after the international filing "X" document of particular relevance; the claimed invention cannot be 

date considered novel or cannot be considered to involve an inventive 
*L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone 

cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be 

special reason (as specified) considered to involve an inventive step when the document is 
"O n document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such 

means combination being obvious to a person skilled in the art 
"P" document published prior to the international filing date but later document member of the same patent family 

than the priority date claimed 


Date of the actual completion of the international search 
12 September, 2003 (12.09.03) 


Date of mailing of the international search report 

30 September, 2003 (30.09.03) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/1SA/210 (second sheet) (July 1998) 



INTERNA' 



SEARCH REPORT 



tonal application No. 
PCT/JP03/07761 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



X 

Y 
A 



Y 
A 



P,X 



Citation of document, with indication, where appropriate, of the relevant passages 



JP 2002-60944 A (International Business Machines 
Corp. ) , 

28 February, 2002 (28.02.02), 

Par. Nos. [0101] to [0103]; Figs. 5 to 13 

Par. Nos. [0101] to [0103]; Figs. 5 to 13 
Par. Nos. [0101] to [0103]; Figs. 5 to 13 

6 KR 2001098415 A 

JP 10-242461 A (Sony Corp.), 
11 September, 1998 (11.09.98), 
Full text; Fig. 3 
(Family: none) 

JP 2002-164343 A (Agere Systems Guardian Corp.), 

07 June, 2002 (07.06.02), 
Full text; Fig. 3 

Full text; Fig. 3 

& GB 2371676 A & KR 2002018617 A 

& US 2002/0163050 Al 

US 6365467 Bl (Hyundai Electronics Industries 
Co. , Ltd. ) , 

02 April, 2002 (02.04.02), 
Full text; Fig. 1 
& JP 2000-195856 A 
Full text; Fig. 1 
& KR 2000045310 A 

JP 2002-299607 A (Toshiba Corp.), 
11 October, 2002 (11.10.02), 
Full text; all drawings 
(Family: none) 



Relevant to claim No. 



1-3,5-8, 
11-13, 15,20 
4,8-14 
16-19 



9,11-13 
16-19 



10-12,14 



1-3,5-7, 
11-13,15,20 



Form PCT/ISA/210 (continuation of second sheet) (July 1998) 



INTERNATIONAL SEARCI^PPORT 



Tn^^Honal application No. 

PCT/JP03/07761 



Box I Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet) 



This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 
1. Q Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



2. [2] Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such an 
extent that no meaningful international search can be carried out, specifically: 



3. | | Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of item 3 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 

As described on the (extra sheet) , there must exist a special technical feature 
so linking a group of inventions of claims as to form a single general inventive 
concept in order that the group of inventions may satisfy the requirement 
of unity of invention. 

This international application contains three inventions: (1) the invention 
of claims 1-5, 8, 11-13, 16-19, claims 7,15, claim 9, and claim 20; (2) the 
invention of claim 6; and (3) the invention of claims 10, 14. 



1. [x] As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 

claims. 

2. Q As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 

3. Q As only some of the required additional search fees were timely paid by the applicant, this international search report covers 

only those claims for which fees were paid, specifically claims Nos.: 



4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is 

restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest The additional search fees were accompanied by the applicant's protest. 

[~x"| No protest accompanied the payment of additional search fees. 



Form PCT/ISA/210 (continuation of first sheet (1)) (July 1998) 



INTERNATIONAL SEARCH REPORT 



Ir^^^onal application No. 

PCT/JP03/07761 



Continuation of Box No. II of continuation of first sheet (1) 

There must exist a special technical feature so linking a group of 
inventions of claims as to form a single general inventive concept in 
order that the group of inventions may satisfy the requirement of unity 
of invention. The inventions of claims 1-20 are linked only by the 
technical feature that a "gate insulating f ilm" comprises a "metal silicate 
film''. 

However, it is clear, as mentioned in "Background Art" of the 
description of this application, that this technical feature is a 
well-known one and cannot be a special technical feature . Therefore there 
is no special technical feature so linking the group of inventions of 
claims 1-20 as to form a single general inventive concept. 

Consequently, it appears that the inventions of claims 1-20 do not 
comply with the requirement of unity of invention. 

Next, the number of inventions of the claims in the international 
application so linked as to form a single general inventive concept, 
namely, the number of inventions will be examined. Considering the 
specific modes of the inventions of the claims, the claims of the 
international application define six inventions: the invention of claims 
1-5, 8, 11-13, 16-19, the invention of claim 6, the invention of claims 
7, 15, the invention of claim 9, the invention of claims 10, 14, and 
the invention of claim 20 . Out of the inventions , the inventions of claims 
1-5, 8, 11-13, 16-19 and the claim 6 are linked only by the technical 
feature that "a gate insulating film" has "a structure in which nitrogen 
is introduced into a metal silicate". However, this technical feature 
is also a well-known one and cannot be a special technical feature, as 
mentioned in "Background Art" of the description. Similarly, the 
relationship among claims 1-5, 8, 11-13, 16-19 and the claims 10, 14 
and the relationship among claim 6 and claims 10, 14 involve no special 
technical features . The inventions of claims 1-5, 8, 11-13, 16-19, claims 
7, 15, claim 9, and claim 20 are linked by the technical feature that 
"the position where the nitrogen concentration is maximum in the direction 
of film thickness is in a region away from the silicon substrate", with 
respect to the technical feature that "a gate insulating film" includes 
a nitrogen-containing high dielectric constant insulating film having "a 
structure in which nitrogen is introduced into a metal silicate". 

Consequently, there are three inventions in this international 
application: (1) the invention of claims 1-5, 8, 11-13, 16-19, claims 
7-15, claim 9, and claim 20; (2) the invention of claim 6; and (3) the 
invention of claims 10, 14. 



Form PCT/ISA/210 (extra sheet) (July 1998) 



PT/JP03/07761 



mw&m-rzftmoftm (m&vm&m (ipc) ) 

Int-Cl 7 H01L29/78, H01L21/336 



W*fTofc*/MR»«- (BRmmttMI (I PC) ) 

Int.Cl' H01L29/78, H01L21/336, H01L21/316, H01L21/318 



B#H*>S*r*4i* 1922-199 6*? 

B*H4*H!iSffl»r*4fc* 1 9 7 1-200 3^ 

B*H3W»3lffl«3ed55« l 994-2003f 

B*S%ffl*r££a&* 1 9 96-200 3^ 



ISI Web of Science, IEEE Xplore 



C. 



Y 
A 



H. -J. Cho et. al. , Novel Nitrogen Profile Engineering for Impr 
oved TaN/Hf0 2 /Si MOSFET Performance, International Electron D 
evices Meeting. Technical Digest 2001, 
pp. 655-658 

pp. 655-658 
pp. 655-658 



1-3, 5, 11, 12, 
20 

4, 8, 9, 11-13 
16-19 



[x] cmomtiziXR&mmZfrr^s. 



TLj «te*±«»cSUI«rlM-*"*3:iBtXW:«l«>itiR«)*1? 
B^U< tt«iO#9J4fl6Srfl(li:i-*fc»!>K3l«-ta 

roj {UK SXift 

fPj H^ttlMBW-e. avoC£tt0>£»<z>£flt&tt£tiUi 



<omM<n it * 3 1 ffl-f 5 1 n 
r&j n-z^v h7r 5 y— 



12. 0 9. 0 3 



30.09.03 



a*m&nfr (i sa/j p) 

§ME#* 100-8915 



US 



4M 



9 8 3 6 



tans 



®tS#"f- 03-3581-1101 rt* 3 4 6 0 



i*PCT/ISA/2 10 (^2^-^) (1 9 98¥7fl) 



C (igg#) 



CTy J P 0 3/0 7 7 6 1 



Y 
A 



X 

Y 
A 



Y 
A 



PX 



Hag-Ju Cho et. al. , Structural and Electrical Properties of H 
f0 2 With Top Nitrogen Incorporated Layer, IEEE ELECTRON DEVIC 
E LETTERS, VOL. 23, NO. 5, MAY 2002, 
pp. 249-251 

pp. 249-251 
pp. 249-251 

JP 2002-60944 A (>f Iris a IrAs • "vZs—lsX- 

=t — » 2002.02.28 

[0101] - [0103], 05-13 

[0101] - [0103], 125-13 
[0101]-[0103], 05-13 
& KR 2001098415 A 

JP 10-242461 A(y~— tt^tt) 1998.09.11 
@3(7 7 5 y-4U 

JP 2002-164343 A (T^rT ^fAX ^-7^7^ a — #1/ 
— >a^) 2002.06.07 

& Gb' 2371676 A & KR 2002018617 A & US 2002/0163050 Al 

US 6365467 Bl (Hyundai Electronics Industries Co., Ltd.) 
2002. 04. 02 
±X, mi 

& JP 2000-195856 A, ikX IHl & KR 2000045310 A 
JP 2002-299607 A ($*5££tfcp|€£) 2002. 10. 11 



1-3, 5, 11, 12, 
20 

4, 8, 9, 11-13 
16-19 



1-3, 5-8, 11- 
lS, 15, 20 
4, 8-14 
16-19 



9, 11-13 
16-19 



10-12, 14 



1-3, 5-7, 11- 
lS, 15, 20 



iSPCT/ 



ISA/210 ®2^-i;(D^) (1 99 8f7^) 



|CT/J PO 3/0 7 7 6 1 



«feJB8*JR333C (PCT 1 7^(2)(a)) ro»£KU:9, r roiSBglHEtt«ttKroaA&.t 0 W#©«B0>-asfcovvcf£ 



3. □ fS#<Z>«Sffl tt, «6JR»*©ttHt»«>oTPCTftIij6.4(a)©3l5 2S:Xtf«3XO»«»!: 



[1-5, 8, 11-13, 16-19], [7, 15], [9], [20], (2) 
[6], (3) [10, 1 4] . KHZ^-Sit* 3m<DmW&nM£tlX^2> 0 



1. |x| wsiAA s ^ii«3iJpjis*^^sr-r'<-c»irart^iiift#bfc<D-e, rroB&seEia^tt, i-^xnm&^fmtem*. 



4. □ WHA^5l*ii*Pf9S#»^*JBFflrt»^#L/«i:*»oyh<D-e, £0MMI£ttfirtt, M#<o*H©**IK:ie*J 



□ ilft JtilE^ftRaMtt t *tc ffiS Art* iui $ Sit a* *> o fc. 



«^PCT/ISA/2 10 (1) ) (1 9 9 8^7^) 



\CT/ J PO 3/0 7 7 6 1 



(SfS]H»0<5#) 

tfcsii^ fft^^is 1 — 2 o^tsgc^Tv^s— m<o&wte. rtf—h&mm & 

iot, ii^cofSffl l - 2 OfclEife^tvCV^— m<D&m&&m<D%.— &<nmi*t:ffifcL 

z&m<n&fe<Dmmt>hirzbs z<Dmmmm<Btt&<Dmm\zn x ci~5, 8, 11-1 

3, 16-19], [6]. [7, 15]. [9], [10, 14], [ 2 0 ] td g# * tt 
5 6^<D3^tf s !E«£;ixTl^£lgat>5o Zftb$gW<D?-h x tiUHUDlSm [1—5, 8, 1 

1-13, i6-i9], [6] ^iEg££*i/c^£3§9ite, hmmmi & r&m^v 

«(D|E^5>bT'bBJib^-e*>5o PI*, [1 — 5, 8, 11-13, 16-19], [1 

o, 143 [6], [io, 1 4] (Dmm^^xh. &mtmffi&)immtt\<\ 

Z.tlb&W<Do1b. m&<Dffim [1 — 5, 8, 11-13, 16-19], [7, 1 

5] , [9] , [20] Ktmztix^z&mte. ry— htmmi & r&m^v t—hiz 

roHBStbJSo»*:©tefflt-tt, (l) [1 — 5, 8, 11-13, 16- 
19], [7, 15], [9], [20], (2) [6], (3) [10, 1 4] 



«SPCT/ISA/2 10 (WJ'J-i?) (1 9 9 8¥7fl) 



